ABSTRACT Chicken feet have become an important commodity in the international market, representing a significant portion of poultry products exported by countries such as Brazil and the USA. However, the presence of pododermatitis in the footpad is an important barrier to exportation, since importing countries do not accept injured feet or allow the use of automatic equipments to remove the affected tissue. The objective of this research was to evaluate the impact of using an automatic equipment to remove injuries of pododermatitis on histological and microbiological traits of broiler feet processed according to commercial practices. A total of 240 broiler feet obtained from a commercial processing plant was visually classified according to the degree of pododermatitis and distributed in a 4 × 2 factorial arrangement, totalizing eight treatments with 30 replications. Factors were feet classification (1 to 4) and injury removal (yes or no). Feet were sampled for microbiological and histological analysis before and after the mechanical removal of pododermatitis injuries by an automatic machine that promoted footpad epidermal scarification. No significant interaction between feet classification and injury removal was detected for any of the analyzed variables. Also, no significant effect of feet classification was detected on aerobic plate counts, total coliforms and Escherichia coli. Feet inflammation score tended to increase (P = 0.06) according to the downgrading of feet classification, but the mechanical removal of pododermatitis injuries reduced feet inflammation score (P < 0.01), total coliform counts (P = 0.01), and E. coli (P = 0.01) independently of feet classification.
INTRODUCTION
The poultry industry has grown systematically during the last decades and poultry meat is currently one of the most consumed animal-source food in the world (Mottet and Tempio, 2017) . In addition to poultry meat, people in some eastern countries also incorporated chicken feet as part of their regular meals. As chicken feet production in these countries does not meet their growing internal demand, the price of this product has increased in the international market (Shepherd and Fairchild, 2010 greatest buyers of chicken feet in the world; Brazil and the USA are the major suppliers (USDA, 2006 (USDA, , 2013 .
However, in both Brazil and the USA, the quality of the feet obtained in the processing lines has been an issue since the incidence of leg and feet disorders in chickens is relatively high (Knowles et al., 2008) . Among several conditions that affect the locomotor system, pododermatitis is one of the most frequent (Ekstrand et al., 1998; Pagazaurtundua and Warriss, 2006) .
Lesions of pododermatitis vary in size and depth. Their genesis is usually associated with chronic exposure to wet and compact litter, with high levels of ammonium compounds being generated from the degradation of uric acid excreted by the birds (Martrenchar et al., 2002) . Typically, environments like this also favor the over-development of an undesirable microbiota in the litter (Dumas et al., 2011; Kers et al., 2018) , which causes concern due to the possible contamination of the injured feet.
In 2006, quality standards for chicken feet were unified by the Committee on Trade of the United Nations Economic Commission for Europe (UNECE, 2006) . Since then, chicken feet are individually classified into type A-with no macroscopic lesions of pododermatitis in the surface; type B-with minor to moderate injuries; and type C-with severe injuries in the surface. An agreement between countries allows the exportation of type A and type B feet to China and Hong Kong, as long as the lesions of pododermatitis in type B feet are removed with blade (Brazil, 2010) . Feet classified as type C are not allowed to be exported and generally end up being used as less profitable products such as meat-and-bone meal in animal feed.
This direction for using blades instead of more practical/automatic equipments to remove injuries of pododermatitis negatively impact the workflow of the processing lines, since it demands more time and staff from the companies. In fact, it seems that there is a fear that automatic equipments would carry microbial contaminants from the surface of the feet to their internal tissues, thus increasing the microbiological risk associated with the product. However, to the best of our knowledge, no scientific evidence in support of this assumption has been published in the literature.
The objective of this study was to evaluate the impact of using an automatic equipment to remove injuries of pododermatitis on histological and microbiological characteristics of broiler feet processed according to commercial practices.
MATERIALS AND METHODS

General Procedures
A trial was carried out using 240 feet obtained from 42-d-old male broilers from a commercial poultry processing plant in Brazil. Feet were distributed in a 4 × 2 factorial arrangement (feet classification × injury removal), totalizing 8 treatments with 30 replications. All the experimental procedures were previously approved by the Committee of Ethics in Research with Animals of the State University of Western Parana (# 022/2013).
Broilers were raised and slaughtered according to commercial practices. Before carcass evisceration, feet were dissected between tibia and metatarsal, scalded at 70
• C for 28 s, and taken to a peeling machine to remove their external cuticle. At that point, feet were visually classified according to the degree of pododermatitis, following the methodology proposed by Martrenchar et al. (2002) : (type 1) no noticeable injury ( Figure 1A) ; (type 2) up to 25% of footpad affected ( Figure 1B) ; (type 3) 25 to 50% of footpad affected ( Figure 1C) ; (type 4) more than 50% of footpad affected ( Figure 1D ). Based on the international classification proposed by UNECE, feet type 1 was equivalent to type A, feet types 2 and 3 were equivalent to type B, and feet type 4 was equiva- lent to type C. Once 60 feet of each type were obtained, sample collection took place.
A total of 30 feet from each type were sampled for microbiological and histological assays. Because microbiological sampling had to be non-destructive, only the surface of the footpad region was assessed. Sterile swabs soaked in buffered peptone water were gently applied, in zigzag sense, in the whole footpad region. Swabs were then immersed in 9 mL of buffered peptone water and kept under refrigeration until laboratory processing. Same feet were then immersed in 10% formalin buffer for further histological evaluation.
The other 30 feet of each type were taken to mechanical removal of pododermatitis injuries. This procedure, called epidermal scarification, was performed in an automatic machine developed by the technical team of Copagril Agroindustrial, Brazil. This machine consisted of a stainless-steel equipment (2.10 × 0.81 × 0.58 m) with four operational stations and capacity of covering a 10,000 broilers/hour processing line ( Figure 2A ). Each operational station had an internal abrasive disc, protected by a solid wall and accessed from the exterior through a circular window (Figures 2B and 2C) . By pressing the injured tissue against the abrasive disc, the lesions of pododermatitis were removed (Figures 3A, 3B and 3C) . Also, to keep abrasive discs clean during the whole process, they were constantly washed by water under pressure ( Figure 3D ).
To completely assess the effect of treatments on footpad histology and microbiology, even the feet classified as type 1 (i.e., not injured) were submitted to the epidermal scarification. For that, they were placed in the equipment for a few seconds, just as occurred with feet types 2, 3, and 4. In the end of this procedure, all feet were submitted to the same microbiological and histological sampling procedures described before.
Microbiological Analyses
Once in the laboratory, all the microbiological samples (120 collected before and 120 collected after the epidermal scarification procedure) were sequentially diluted in sterile buffered peptone water. For this, the tubes where footpad swabs were originally placed were considered as dilution 10 −1 . Dilution 10 −2 was obtained by transferring 1 mL of this broth to 9 mL of sterile buffered peptone water. This procedure continued until dilution 10 −7 was reached. A volume of 1 mL of each dilution was inoculated into petrifilm plates (3 M, Brazil) and incubated at 35
• C ± 1 • C through 48 h. Mesophilic bacteria (aerobic plate count), total coliforms and Escherichia coli were enumerated following the instructions of the manufacture. Samples were inoculated in duplicate and results were obtained from plates with a number of 15 to 150 colonies.
After the incubation period, red colonies in the aerobic plates were counted as aerobic bacteria. In the coliform plates, red colonies associated with gas bubbles were counted as total coliforms; blue colonies associated with gas bubbles were counted as E. coli. Total coliform count was considered the sum of red and blue colonies. Final results were corrected by sample dilution and transformed into log CFU/foot for analysis.
Histological Assay
After being fixed in formalin, fragments of approximately 10 mm 2 were removed from the cranial, medial and caudal areas of each footpad. These fragments were dehydrated in alcohol, diaphanized in xylol, embedded in paraffin, microtomyzed into 5 μm slices, disposed on histological slides and stained by H&E before being analyzed in optical microscopy.
Tissue evaluation aimed to identify signs of inflammation such as the presence of inflammatory cells, necrosis, ulceration, and hyperkeratosis. Inflammation was considered discrete when committed up to 5% of the tissue; mild when committed 5% to 30%; moderate when committed 30% to 70%; marked when committed 70% to 95%; and severe when committed more than 95% of the tissue. Inflammation scores were then attributed to each sample: score 0-discrete to mild inflammation; score 1-mild to moderate inflammation; score 2-moderate to marked inflammation; score 3-marked to severe inflammation. To minimize bias, all samples were evaluated by the same researcher.
Statistical Analysis
Microbial counting data were tested for normality of studentized residuals and homogeneity of variances. Once these assumptions were met, data were submitted to a two-way ANOVA (feet classification × injury removal). In case of significant differences, means were separated by Tukey test.
Inflammation scores were considered nonparametric, thus main effects of feet classification and injury removal were individually analyzed by Wilcoxon/Kruskal-Wallis test. Interaction between the factors did not enter the non-parametric model. In case of significant differences, means were separated by Dunn's test.
Statistical procedures were performed in SAS 9.4 (SAS Institute, 2011). Significance was set at 5% (P ≤ 0.05) in all steps. 
RESULTS AND DISCUSSION
No significant interaction between feet classification and injury removal was detected for any of the analyzed variables (Table 1) . Also, no significant effect of feet classification was detected on total counting of microorganisms and feet inflammation score. However, mechanical removal of pododermatitis injuries reduced the counts of total coliforms (P = 0.01) and E. coli (P = 0.01), and decreased feet inflammation score (P < 0.01) independently of feet classification.
Together, these results demonstrate the efficacy of the automatic equipment in removing both the inflammatory tissue and its associated microbiota in broiler feet affected by pododermatitis. Nevertheless, a more comprehensive discussion is essential for a better understanding of the implications of these findings.
Even though not statistically significant at 5% probability, feet inflammation score tended to increase (P = 0.06) according to the downgrading of feet classification (Table 1 ). This finding reinforces the accuracy of the procedure of visual evaluation and supports its adoption by the industry as the main criteria of chicken feet classification. However, it is important to notice that inflammatory cells were detected in all the analyzed samples, including those with no macroscopic lesions ( Figure 4A ). This was already expected since the metabolism constantly activates endogenous systems of defense to sustain body tissue homeostasis and cellular integrity, especially in the skin, which is the first barrier against environmental injuries (Klasing, 1991; Widelitz et al., 1997) . According to Pass (1989) , total absence of inflammatory cells in the skin would be unlikely, particularly in the feet that have supportive function and Wet and compact litter has been indicated as one of the main causes of pododermatitis in commercial poultry flocks (Martrenchar et al., 2002) . Martland et al. (1985) observed extensive ulceration in the footpad of broilers raised in wet litter. Macroscopically, these lesions were filled with a thick crust of keratinized tissue; histologically, they were surrounded by inflammatory tissue with massive infiltration of heterophilic species in the dermis. Similarly, Miljkovic et al. (2012) described hyperkeratosis and diffuse infiltration of inflammatory cells in the dermis of broiler feet affected by pododermatitis. In the present study, all these characteristics were observed in feet types 2, 3, and 4 ( Figure 5A ). However, as the magnitude of hyperkeratosis and inflammation was not more than moderate in all samples, it can be speculated that, in general, birds were not exposed to a highly deteriorated litter in the field.
While this last assumption provides important information regarding the welfare conditions of raising, it does not guarantee that the litter, and in extension broiler feet, were at acceptable microbiological conditions. Broiler feet remain in direct contact with excreta throughout the rearing period and, accordingly, high levels of microbial contamination are expected even when litter conditions are satisfactory (Kotula and Pandya, 1995) .
As a product with a natural high load of microorganisms, broiler feet have to be processed in conditions that reduce their contamination. Based on this, immediately after being dissected from the carcass, broiler feet need to be scalded, have their external cuticle removed, and be properly chilled before packing (Brazil, 1998) . By scalding broiler's feet at 65
• C to 70
• C for 28 s and immediately remove their cuticle, Santos et al.
(2011) observed reductions of 1.5 log CFU/g in aerobic plate counts, 2.5 log CFU/g in total coliforms, and 2.1 log CFU/g in fecal coliforms. These values represent decreases of 96.84%, 99.69%, and 99.21% in the microbial loads, respectively. For the objectives of this study, the first sampling for microbiological evaluation occurred immediately after the scalding and cuticle removal procedure, before the submission of half of the feet to the epidermal scarification.
Microorganisms analyzed in this study are universally considered good indicators of hygiene as their quantification in food provide information regarding the adoption of good manufacturing practices, potential deterioration of the product, occurrence of fecal contamination and possible presence of pathogens (Jay et al., 2005) . However, maximum limits allowed for these microorganisms in food vary according to individual characteristics of the products and the food safety plans adopted by each country (NACMCF, 2018) .
Most frequently, microbiological standards of the International Commission on Microbiological Specifications for Foods (ICMSF) are used as parameters for the establishment of official food safety plans. Broiler feet used in this study could be classified as "raw poultry products" and, in this condition, ICMSF establishes limits of 5 log CFU/g for aerobic plate count and 2 log CFU/g for E. coli (ICMSF, 2011) . For the same type of product, Brazilian legislation only establishes limits of 4 log CFU/g for thermotolerant coliforms (Brazil, 2001) .
However, main destinies of broiler feet produced in Brazil and in the USA are China and Hong Kong (USDA, 2006, 2013) . To these markets, only frozen feet are exported and in this condition regulations establish a limit of 4 log CFU/g for aerobic plate count and 2 log CFU/g for total coliforms (China, 2012) . Based on these numbers, and considering the results of microbiological counting presented in Table 1 , all the feet analyzed in this trial complied with the national and international standards currently adopted for this product. Total counting of bacteria in feet not submitted to epidermal scarification averaged 3.84 log CFU/foot for aerobic plate count, 0.60 log CFU/foot for total coliforms, and 0.27 log CFU/foot for E. coli.
A more precise comparison between the experimental results and regulatory limits would be achieved had the feet been sampled by the collection of tissue fragments along their entire extension. However, the microbiological sampling adopted here had to be non-destructive and, therefore, swabs were applied in the footpad region. Even though this procedure limited the expression of results as log CFU/foot, and not log CFU/g as in the regulatory documents, the analyzed footpad area is the region of feet with greatest potential for microbial contamination. As a consequence, microbial counts would possibly be even lower had a different sampling procedure been adopted.
Nevertheless, even when in compliance with microbiological standards, feet classified as type C are not allowed to be exported. Feet type B are accepted, but only after the removal of pododermatitis injuries with blade (Brazil, 2010) . These limitations not only reduce the profitability of processing plants, since feet not exported end up being used as low-value products such as meat-and-bone meal for animal feed, but also impair the workflow of processing lines, considering that the manual removal of pododermatitis injuries with blade requires more time and staff from the companies. In fact, it seems that there is a fear that automatic equipments could carry microbial contaminants from the surface of the feet to their internal tissues, thus increasing the microbiological risk associated with the product. To the best of our knowledge, no scientific evidence in support of this assumption has been published in the literature. Moreover, as discussed before, great part of the microbial load present in the feet is expected to be eliminated during the scalding and cuticle removal, procedures that must take place before the epidermal scarification of the footpad.
As the inflammatory process observed in the samples was moderate, the scarification procedure was performed in an intensity that preserved all the tissue settled beyond the middle layer of the dermis. Histological analysis showed that, after scarification, the presence of inflammatory cells in the footpad was drastically reduced ( Figures 4B and 5B) . Feet submitted to scarification showed an improvement of more than 70% in the inflammation score, condition that would give them a standard even better than the feet previously classified as type 1. As mentioned before, this response occurred in all analyzed feet, independently of their classification.
In regard to the microbiological characteristics, while aerobic plate counts were not influenced by pododermatitis injury removal, feet submitted to this procedure showed logarithmical reductions of 41.7% in total coliforms and 59.3% in E. coli. As occurred with the histological characteristics, feet submitted to epidermal scarification presented a microbiological standard even superior than those previously classified as type 1. Total counting in feet submitted to epidermal scarification averaged 3.91 log CFU/foot for aerobic plate count, 0.35 log CFU/foot for total coliforms, and 0.11 log CFU/foot for E. coli.
Overall, these results point to the effective manufacturing practices adopted during feet processing and to the efficacy of the proposed automatic equipment in reducing the presence of inflamed tissue and the counting of indicative microorganisms in the footpad of broilers affected by pododermatitis. However, it is important to notice that the sampling for histological and microbiological analysis occurred before the chilling procedure, a mandatory step in the processing of broiler feet destined to human consumption. To the best of our knowledge, there is no reason to suspect that epidermal scarification would induce higher contamination of the product during chilling, since product contamination during chilling is most frequently a consequence of processing deficiencies such as insufficient water renovation in the tanks or inefficient sanitization of equipments (Rouger et al., 2017) . Therefore, in addition to the already authorized use of blades, the use of automatic equipments for epidermal scarification in the processing of broiler feet deserves further consideration by the regulatory agencies.
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